Abstract. The grouting effect will be affected when the cement grout temperature exceeds 40°C. In order to solve the problem, this paper designs a cement grout cooling device and carries out experimental tests of the device's performance. The cooling experiments are conducted respectively on room-temperature static water (full-water condition and semi-full water condition), flowing hot water and flowing cement grout. The experimental results indicate that the cooling device realizes the function of cooling cement grout and provides reference for design, application and technological optimization of the equipment.
Introduction
Since the Frenchman Charles Bellini successfully applied the technology of clay-lime mixed paste into the strata for the reinforcement of the gate in 1802, after two hundred years of development, grouting has become an essential means in the field of hydro-power projects, tunnels and mines. Not only grouting progress and equipment but also grouting materials determine the effect of grouting [1] [2] [3] . Cement is the main grouting material [4, 5] . The temperature of the cement paste increases after the hydration reaction occurs when the cement comes into contact with water. Meanwhile, mechanical friction and the friction of the paste in the grouting pipeline result in a quick rise in the temperature of the cement paste during the pressure grouting process. Studies have shown that when the temperature of the cement-based material exceeds 40°C, it will have unfavorable effect on the growth of its stone strength and irrigation [6] [7] [8] [9] . Therefore, in the specific construction, it is necessary to take effective measures to control the temperature of the paste. This paper will design a cooling device for the cement paste and carry out a cooling performance test.
Design of cement paste cooling device
In order to solve the problem that the temperature of the cement grouting paste is too high during the stirring, this test decreases the temperature of the paste during agitation to control the temperature below the set value. The design of the temperature control device is shown in Figure 1. 1-thermostat, 2-compressor, 3-condenser, 4-copper tube, 5-stainless steel inner-tube, 6-stainless steel box surface, 7-evaporator, 8-frame (two layers), 9-paste outlet, 10-paste inlet, 11-top cover of inner box The device uses a set of single-stage steam compression refrigeration system which consists of four components compressor, evaporator, condenser and throttle to cool the paste. The evaporator (copper tube) is wound around the lower half of the outer wall of the inner box in the inter-layer. The inter-layer is filled with refrigerating fluid, which can evenly reduce the temperature of the inner-tube. The refrigerating fluid, whose freezing point is -10°C, is composed of water mixed with 20% ethylene glycol. Ethylene glycol aqueous solution has the advantages of non-toxic, non-corrosive, good thermal conductivity, long service life and cheaper price. The copper tube is wound around the outer wall of the stainless-steel box in the inter-layer, and the tube is connected with the compressor, and the cooling system is filled with the refrigerant. Fill the refrigerant into the system. The thermostat is installed in this unit, and a specific temperature T can be set. When the temperature is higher than T, the compressor will start to work. The cement paste flowing through the stainless-steel box can be cooled by the present invention.
The working principle of this single stage steam compression type refrigeration system: The liquid refrigerant absorbing heat in the evaporator will be vaporized into low temperature and low-pressure steam. The compressor draws the steam and compresses it into high temperature steam, and discharge the high temperature into the condenser to compress the steam into high-pressure liquid. The high-pressure liquid can be converted by the throttle to low pressure and low temperature refrigerant. The refrigerant will re-enter the evaporator to achieve the cycle of refrigeration. The refrigeration cycle consists of four basic processes evaporation, compression, condensation and throttling. The operation steps of the cooling device are as follows:
(1) Turn on the power, set the probe of the thermostat in the refrigerating fluid and then set the designed temperature. The thermostat has a delay function that after one minute the compressor begins to work, which ensures the compressor does not switch frequently.
(2) When the freezing fluid drops to the set temperature, the compressor stops working. Then, inject the cement grouting paste into the stainless-steel box through the inlet port and the paste will flow out of the paste outlet.
Performance test of cooling device

Performance test methods
Fill the device with full water and half water at room temperature to conduct static cooling test. The Portland cement paste with 1:1 water/cement ratio is used to carry out the test for getting the cooling efficiency of the device.
The temperature can be measured with electronic thermometers and the electric energy as well as the power can be tested with the electric energy meter. The cooling efficiency is calculated as follows: Where, Q is the heat that the paste absorbs or emits, C is the specific heat of the paste, m is quality, ∆ T is temperature difference before and after the test, W is electric energy and η is the cooling efficiency of the device.
Cooling test of static water Full-water cooling test at room temperature
During the full-water cooling test at room temperature, 12 temperature test points are set in the inner box, namely: the top, middle and bottom of the long side center line; the top, middle and bottom of the short side center line; the top, middle and bottom points of the inner box corner; the top, middle, bottom of the upper and lower center axis of the inner box. In addition, three temperature test points are set in the inter-layer, namely the top, middle, bottom of the upper part of the refrigerating fluid in the irrigation mouth position of the inter-layer. The test is shown in Figure  2 . It can be seen from Figure 3 to Figure 5 and Table 2 that the temperature of the water in the inner box is very uneven. The temperature of the upper and middle part of the water is substantially the same at each time, and the temperature of the bottom water is low. It follows that the cooling effect of the device on the bottom of the water is obvious. The temperature of the upper and middle water basically does not change, while the bottom of the water cools down quickly. The temperature difference between the bottom points before and after cooling is respectively 4.1℃, 4.7℃, 3.3℃ and 3.4℃. The cooling efficiency of the cooling device is 0.41 during the full-water cooling test at room temperature.
Semi-water cooling test at room temperature
During the semi-water cooling test at room temperature, 9 temperature test points are set in the inner box, namely: 2 points close to the top of the liquid surface and the bottom of the inner box in the midline of the long side; 2 points close to the top of the liquid surface and the bottom of the inner box in the midline of the short side; 2 points close to the top of the liquid surface and the bottom of the inner box in the corner of the inner box; the top, middle, bottom of the upper and lower center axis of the inner box. Just as full-water cooling test, three temperature test points are set in the inter-layer. The test results are shown in Figure 9 , Figure 10 and Table 3 . It can be seen from Figure 9 , Figure 10 and Table 3 that the temperature of the water in the inner box is very uneven. The temperature of the upper and middle part of the water is substantially the same at each time, and the temperature of the bottom water is low. It follows that the cooling effect of the device on the bottom of the water is obvious. The temperature of the upper and middle water basically does not change, while the bottom of the water cools down quickly. The temperature difference between the bottom points before and after cooling is respectively 4 .9℃, 4.6 ℃ , 4.2 ℃ and 3.9
℃
. The cooling efficiency of the cooling device is 0.54 during the full-water cooling test at room temperature.
From the full-water test and semi-water test at room temperature, it can be drawn that no matter what kind of test, the cooling effect of the bottom of the cooling device is very obvious. In addition, the cooling efficiency of the semi-water test is higher than that of the full-water test. It is also found that the greater the initial temperature difference is between the refrigerating fluid and water, the faster the cooling rate is. So, in the actual application process, cool the refrigerating fluid to a certain temperature first, and then cool the cement paste.
Cooling test of flowing hot water
In actual engineering, the temperature of the fresh mixing paste does not exceed 50℃. In the test, the hot water stored in the inner box was stored with the insulation barrel to reduce the influence of the ambient temperature on the hot water temperature. The test procedure is as follows:
(1) Turn on the power, place the probe of the thermostat into the refrigerating fluid and set the temperature to 5℃; (2) When the compressor starts to work, record the boundary temperature T at once, which is the temperature of the bottom refrigerating fluid; it is necessary to record the boundary temperature before pouring hot water when continuing to test after pouring out the previous test water; (3) Pour the hot water of a certain temperature T into the inner box from the water inlet. When the liquid surface reaches a certain height, open the valve to the corresponding gear and start timing; (4) Close the valve as soon as the thermos bottle is filled with hot water at the outlet. Record the temperature of the hot water in the thermos bottle at this time. It can be seen from Table 3 that the higher the initial temperature of hot water is under the same boundary temperature conditions or the larger the initial temperature difference is between the refrigerating fluid and hot water, the greater the temperature difference is before and after the cooling test. When the initial temperature difference between refrigerating fluid and hot water is around 40 ° C, hot water around 50 ° C can be reduced by approximately 7 °C to 8 °C. Compared to this test process taking insulation measures, the final temperature of the liquid will be lower in the practical application process.
Cooling test of flowing cement paste
The Portland cement paste with 1:1 water/cement ratio is used to carry out the test. The procedure for the test is as follows: (1) Mix the ordinary Portland cement paste with 1:1 water/cement ratio. Monitor the temperature of the paste during the production process.
(2) Turn on the power, put the probe of the thermostat into the refrigerating fluid and set the temperature to 0 °C. Record the boundary temperature and room temperature at this time. Record the boundary temperature before pouring hot water when continuing to test after pouring out the previous test water; (3) Pour the hot water of a certain temperature T into the inner box from the water inlet after the compressor starts working. Until the liquid surface reaches a certain height, open the valve to the corresponding gear; (4) Close the valve as soon as the thermos bottle is filled with hot water at the outlet. Record the temperature of the hot water in the thermos bottle at this time. It can be seen from Table 4 that the initial temperature of the refrigerating fluid subject to the device has a certain effect on the cooling effect of the paste in the inner box. Especially, when the initial temperature of the refrigerating fluid is low, the cooling effect will be better. During the test, the paste warms up slowly. The temperature of the paste is related to the amount of the paste, and the greater the volume is, the faster the temperature will rise.
Conclusions
In order to effectively decrease the temperature of the grouting cement paste, this paper develops a cooling device. By using this device, cooling tests at room temperature are respectively conducted in the case of static water, in the case of flowing hot water and in the case of flowing cement paste. Based on the experimental results, the following conclusions can be drawn:
(1) The cooling device apparently achieves the cooling function of the cement paste.
(2) The cooling efficiency of the cooling device for full-water test is 0.41and for semi-water is 0.54 at room temperature.
(3) Before cooling the paste, first open the cooling device to pre-cool, and then the cooling effect will be better.
